Background. Little is known of the factors that underlie surgical errors. Incident reporting has been proposed as a method of obtaining information about medical errors to help identify such factors. Methods. Between November 1, 2000, and March 15, 2001, we conducted confidential interviews with randomly selected surgeons from three Massachusetts teaching hospitals to elicit detailed reports on surgical adverse events resulting from errors in management ("incidents"). Data on the characteristics of the incidents and the factors that surgeons reported to have contributed to the errors were recorded and analyzed. Results. Among 45 surgeons approached for interviews, 38 (84%) agreed to participate and provided reports on 146 incidents. Thirty-three percent of incidents resulted in permanent disability and 13% in patient death. Seventy-seven percent involved injuries related to an operation or other invasive intervention (visceral injuries, bleeding, and wound infection/dehiscence were the most common subtypes), 13% involved unnecessary or inappropriate procedures, and 10% involved unnecessary advancement of disease. Two thirds of the incidents involved errors during the intraoperative phase of surgical care, 27% during preoperative management, and 22% during postoperative management. Two or more clinicians were cited as substantially contributing to errors in 70% of the incidents. The most commonly cited systems factors contributing to errors were inexperience/lack of competence in a surgical task (53% of incidents), communication breakdowns among personnel (43%), and fatigue or excessive workload (33%). Surgeons reported significantly more systems failures in incidents involving emergency surgical care than those involving nonemergency care (P <.001). Conclusions. Subjective incident reports gathered through interviews allow identification of characteristics of surgical errors and their leading contributing factors, which may help target research and interventions to reduce such errors. (Surgery 2003;133:614-21.) From Brigham and Women's 
STUDIES HAVE ESTIMATED that one half to two thirds of hospital adverse events are attributable to surgical care. [1] [2] [3] More than half of these events appear preventable. [3] [4] [5] However, little is known about the human and systems factors that underlie such errors in surgery.
The surgical management of disease is complex and difficult. Observers describe a large variety of organizational and human factors that contribute to poor surgical outcomes, including surgeon inexperience, [6] [7] [8] low hospital volume for an operation, [9] [10] [11] excessive workload, 12 fatigue, 13 poor technology, 14 insufficient supervision of trainees, 15 inadequate hospital systems, 16 poor communication among staff, 17 time of day, 14 and bureaucracy or administrative failures. 18 To target interventions and policies, clinicians, administrators, and regulators have sought to identify which of these factors are implicated most frequently in surgical error.
However, determining the relative importance of the various factors has proven extremely difficult. Chart review and observational studies have not revealed sufficiently detailed information about a large enough number of events to discern the underlying patterns. 3, [19] [20] [21] [22] By contrast, indepth investigations of incidents involving error have allowed identification of "root causes" in individual cases, 23 but have been too time and labor intensive to replicate on a larger scale. Recently, policymakers in the United States and elsewhere have advocated both mandatory and voluntary error reporting systems to collect the desired information. 22 These reporting systems face significant operational challenges, particularly in obtaining more than sporadic participation by clinicians.
Confidential interviews designed to collect incident reports from single participants in mishaps is one relatively simple approach that has been successful in anesthesia and other fields in allowing identification of patterns in causation. 24, 25 To test the feasibility and usefulness of this method in the field of surgery, we undertook a study to gather and analyze reports on adverse events resulting from errors in surgical care through interviews with surgeons at three hospitals.
METHODS
Overview and definitions. Interviews lasting approximately 1 hour were conducted with attending surgeons, senior surgical residents, and surgical fellows at three Massachusetts teaching hospitals. We used the interviews to elicit reports on any of the interviewees' cases in which: (1) an adverse event occurred, meaning an injury involving disability (temporary or permanent) or death that resulted from medical management, as opposed to disease; 26 (2) the surgeon was personally aware of the circumstances that led to the adverse event; and (3) the surgeon judged the adverse event to be partly or wholly the result of an error in management. Following previous literature, we defined an error as a mistake: either a failure of a planned action to be completed as intended (ie, an error of execution), or the use of a wrong plan to achieve an aim (ie, an error of planning). 27 Events meeting all three criteria for inclusion were termed "incidents."
Identification of interviewees and incidents. We sought 100 incident reports for analysis and anticipated two to three error reports per interviewee. We randomly selected 45 surgeons from a list of all senior surgical trainees and clinically active surgeons (in cardiac, general, thoracic, transplant, trauma, and vascular surgery) at three Massachusetts teaching hospitals (n = 75). Thirty-two selected surgeons were faculty and 13 were fellows or residents in the final 2 years of training. Interviews were conducted by a single surgeon-interviewer (AAG) between November 1, 2000, and March 15, 2001. We ensured the confidentiality of the interviewees and the information they conveyed by maintaining the anonymity of the surgeon, colleagues, patients, and facilities in all records and by obtaining a federal certificate of confidentiality. All interviewees provided signed informed consent to participate. The study was approved by the institutional review board at the Brigham and Women's Hospital.
We identified incidents in two ways. First, we reviewed with surgeons all their cases reported for weekly morbidity and mortality (M&M) conferences during the previous 6 months. At two of the three institutions, M&M cases were reported by residents alone. One of the three institutions also gathered cases using administrative data. Only cases that met the three inclusion criteria were retained in our sample. Second, because only a subset of adverse events involving error are reported at M&M conferences, 28, 29 we included any reports of other adverse events volunteered by the interviewees that met the inclusion criteria.
We anticipated that a single incident could involve multiple errors. If multiple errors occurred in the care of one patient and involved separate circumstances with separate adverse outcomes, they were analyzed as separate incidents. Also, several incidents were reported by more than one surgeon. To have comparable data from each case, only the data reported by the first surgeon interviewed were included in the analysis. However, data provided by subsequent surgeons were used to test agreement among interviewees' reports.
Incident analysis. The interviews were then structured to gather detailed information on each incident following critical incident methods established for analyzing military, airline, and other disasters, 30 and previously used in studying critical medical incidents. 25, 31 Surgeons were asked to provide an open-ended description of each incident, and the factors they recalled that contributed to the errors in care associated with the incident. The interviewer and surgeon then reviewed the recounted events in detail, refining the description of the circumstances involved. Finally, the interviewer queried the surgeons about the role of 15 possible contributing factors.
To identify these contributing factors, we followed the error analysis framework of Vincent et al, 32 refining our categories based on interviews with, and reviews by, surgeons and surgical nurses. 32 The final 15 categories of factors were: (1) interruption/distraction; (2) ergonomic problems (such as lighting, space, noise); (3) technology failure; (4) fatigue (from the length or lateness of duty); (5) excessive workload/inadequate staffing (for the tasks required at a given time); (6) breakdown in accurate transmission of necessary information (communication) between personnel; (7) inappropriate protocols; (8) lack of supervision of trainees; (9) lack of experience with or competence at a task; (10) administrative complexity/bureaucracy; (11) emergent versus elective setting; (12) time of day; (13) failure of vigilance; (14) failure of memory; and (15) error in judgment. In addition, for errors that occurred in the operating room, the time of the incident was confirmed by checking the operative schedule. Length of time on duty was also confirmed by checking with the surgeon's operative and call schedules.
The interviewer recorded the information reported on each incident on a worksheet during the interview 24 and subsequently completed three comprehensive data forms: one recording the details of the injury itself; one the clinical circumstances of the incident (including location, timing, and who was involved); and one the human and systems factors that contributed to the error. The surgeon's judgment of whether a given factor (eg, excessive workload/inadequate staffing) contributed to error was recorded on a five-point Likert scale (ranging from "highly unlikely" to "somewhat likely" to "highly likely").
Data analyses. The surgeons' judgments about contributing factors were analyzed as binary variables. Factors judged at least "somewhat likely" to have contributed to error were coded as 1, and the rest were coded as 0. Length of time on duty was recorded as a categorical variable: less than 8 hours, 8 to 24 hours, and more than 24 hours.
We hypothesized that the setting of care could affect the factors contributing to error. We therefore tested for differences in reported contributing factors between emergent and nonemergent cases, and between incidents involving an intraoperative error and other incidents, using chi-squared analysis. We also examined whether the most commonly reported factors identified in our descriptive analysis had significant interrelationships using chisquare analysis.
To investigate whether reports occurring fewer than 6 months after the incident or based on M&M review differed in important respects from other incidents, we tested for differences in severity of injury and incidence of common contributing factors using chi-square analysis. Finally, using the subset of incidents that were reported by more than one surgeon, we tested agreement among surgeons' judgments by calculating kappa scores for their reports of leading contributory factors. Analyses were performed using SAS Version 8 (SAS Institute, Cary, NC).
RESULTS
Thirty-eight of the 45 surgeons we approached agreed to participate in the study (participation rate = 84%). In interviews, these surgeons reported one to eight incidents each (mean 4, standard deviation 1.9), providing a total of 146 different incidents for analysis. Fourteen incidents were reported by more than one surgeon.
Fifty-five percent of incidents came from review of interviewees' complications reported at M&M conference during the previous 6 months; of 235 M&M cases reviewed, 34% met the criteria for inclusion. The remaining 45% were independently volunteered. Table I shows the incidents' clinical characteristics. Two thirds involved events occurring fewer than 6 months before the interview. Sixty percent of incidents occurred in the operating room, 12% in an intensive care unit, and 16% on a nonintensive care hospital floor. Three quarters involved nonemergent care. Most incidents occurred during daytime hours, but 40% occurred after hours. In the 94 incidents (64%) in which information was available on how long the principal clinician had been on duty at the time, 37% had been working (in the hospital or office) for more than 8 hours and 16% for more than 24 hours.
The outcomes were serious: 33% of incidents resulted in permanent disability and 13% resulted in a patient's death. The injuries were diverse: 77% involved injuries directly related to an operation or other procedure, with the three most common subtypes being a visceral injury (eg, a bowel or ureteral laceration), bleeding, and wound infection or dehiscence; 13% involved an unnecessary or inappropriately chosen procedure; 10% involved unnecessary advancement of disease (eg, missed diagnosis of breast cancer due to an incomplete workup).
The reported errors occurred in all phases of surgical care. Most commonly, they occurred during the intraoperative phase of surgical care (66%). In one quarter of the incidents, errors occurred during preoperative management, and in another quarter, during postoperative management. (Percentages sum to more than 100% because, in one in five incidents, surgeons reported a chain of events that spanned more than one phase of care.) Two or more clinicians substantially contributed to error in 70% of the reported incidents, and three or more clinicians contributed in 18%. Table II shows the systems and cognitive factors that surgeons reported as having contributed to error. Surgeons reported that systems factors contributed to error in 86% of incidents. Two systems factors per incident was the median (range, 0 to 8), with surgeons reporting a median of four systems factors in incidents involving emergency care (P < .001 compared with incidents involving nonemergent care). For example, in one illustrative case, an attending surgeon reported an incident that had occurred 1 month earlier involving a trau- Abdominal exploration revealed infarcted bowel and inadequate fascial closure (sutures were not through fascia). A resident had performed the procedure, and the attending cited lack of supervision and inexperience as contributing factors. During review of other potential factors, the attending also reported that interruptions and workload likely contributed (he was called away to another patient), as did fatigue (the resident was on duty more than 24 hours), ergonomics (the bay's overhead lighting was not working), and miscommunication (the attending only learned afterward that the resident had never done the procedure before).
Inexperience or lack of competence with a particular surgical task was the most commonly cited factor, reported in 53% of incidents. Communication breakdowns were reported to contribute in 43%. Excessive workload, fatigue, or both were factors specified in 33%: 22% of incidents involved excessive workload/inadequate staffing, 16% involved fatigue, and 5% involved both. One or more of this group of factors contributed to error in 83% of all incidents. Individual cognitive factors also were commonly cited (86% of incidents), with surgeons citing failures of judgment and vigilance in the majority of incidents. Several systems factors were significantly more commonly reported in emergency cases, including inexperience, miscommunication, lack of supervision, and fatigue (Table III) . Acuity made no difference in the likelihood that judgment, vigilance, or memory failure were reported as contributors.
In approximately half the 75 cases in which inexperience played a role, the inexperience was that of a trainee (Table IV) . Surgeons reported a lack of adequate supervision as a contributing factor in 55% of such incidents. In the other half of the incidents involving inexperience, the inexperienced participant was an attending staff member (or equivalent). Such lack of expertise may occur because a procedure is new to medicine or simply new to an individual. It appeared, however, that the latter was the more common situation. In 70% of these nontrainee cases, others with greater expertise at the same task were available to the clinician at the same institution.
Among cases involving communication breakdown, two thirds involved an inadequate handoff of information or a change in the personnel providing a patient's care. Difficulties in ascertaining responsibility also were implicated (Table IV) , whether because of a lack of a clear clinician in charge of a particular aspect of care or conflict among clinicians making decisions. Other problems included communication failures between residents and attending surgeons, and between nurses and physicians.
We tested all possible relationships among the most common systems factors (inexperience/lack of competence, communication breakdown, workload, fatigue, lack of supervision), and the two most common cognitive factors (misjudgment, lack of vigilance), and we found several strong and significant associations. Failure of judgment was directly associated with reports of inadequate supervision (odds ratio [OR] = 3.4; 95% confidence interval [CI] = 1.2-9.6), whereas failure of vigilance was inversely associated with inexperience as a reported contributing factor (OR = 0.51; 95% CI = 0.3-1.0). The likelihood that miscommunication was cited doubled when surgeons reported excessive workload to be contributory in a given case (OR = 2.3; 95% CI = 1.6-3.3]). The likelihood that fatigue was a cited factor doubled when surgeons reported excessive workload to be contributory (RR = 2.3, 95% CI = 1.0-5.0]).
We also found inconsistencies in recall of events. Incidents occurring more than 6 months before the interview were more likely to involve permanent injury (42% vs 22%, P = .008) and visceral injury (48% vs 19%, P = .002) than those occurring within 6 months of the interview. Surgeons also were less likely to report fatigue as a contributing factor (0% vs 35%, P = .001). (No other factors were reported significantly more or less often based on time.) There was no significant difference in severity of injury or contributing factors between incidents identified in review of M&M reports and those that were independently volunteered. In the 14 incidents that were reported by more than one surgeon, we also found good agreement among surgeons about the role of leading contributing factors. Comparing surgeons' judgments about whether inexperience played a contributing role in a given incident, the kappa statistic was 0.7; for judgments about whether communication played such a role, the kappa statistic was 0.8. (Too few of these 14 cases involved fatigue or excessive workload to permit accurate calculation of kappa statistics for these factors.)
DISCUSSION
We found that confidential interviews with surgeons successfully elicited detailed reports on a large number of surgical adverse events resulting from errors in care. The incidents reported were serious, with one third resulting in permanent disability and 13% in death, and we were able to identify important underlying patterns in the errors.
Contrary to the premises of malpractice law, the vast majority of errors did not appear to be solely the result of individual failure. 33 We found that the vast majority of surgical errors reported involved contributions from more than one clinician and, frequently, a chain of events spanning more than one phase of care. Surgeons reported that cognitive failures (eg, of judgment or vigilance) played a role in more than half the incidents; they also reported that systems factors contributed in 84% of these cases. Furthermore, we found that errors in judgment were strongly associated with reports of inadequate supervision, indicating that systems failures contributed to at least a subset of the cognitive errors.
We identified several leading underlying vulnerabilities. Emergency surgical care, in particular, appeared to pose special risks for patients in our study hospitals. Incidents involving emergency care were associated with significantly more systems failures than others and were more likely to involve problems of inexperience, communication breakdown, supervision, and fatigue. This makes some sense. Emergency care has been associated with increased risk of surgical error in other studies and often increases organizational and team difficulties. 34 Nonetheless, only one quarter of the incidents involved emergency care. Most involved elective care. However, regardless of the setting, inexperience, communication breakdown, fatigue, and excessive workload were the most common contributing systems factors identified. Factors of organization, planning, and interaction among team members appeared to play a critical and underappreciated role.
Our findings suggest new directions for remedies and research. Gaining understanding of how the organization of emergency surgical care contributes to error and how it could be improved appears to be a critical next step in error research. Regarding errors in which inexperience played a role, we found that inadequate supervision was a frequently cited factor when trainees were involved. We also found that the majority of attending staff who erred while performing tasks that were new to them, or that they were inexpert with, reported having colleagues on staff with greater expertise. Thus, as has been recognized in other settings, improving supervision and formalizing skills training could be important directions for intervention and future study. 25 Breakdowns in the accurate transfer of information, in particular during "handoffs" between personnel, were the second most common factor reported to contribute to error. This is similar to findings in internal medicine, 35 anesthesiology, 36 and other specialties. 37 Standardization of handoffs has been shown to reduce these types of errors and deserves strong consideration for wider use in surgery. 38 Surgeons also reported heavy workloads and fatigue as frequent (and related) contributors to error. This was consistent with our findings that 37% of the 94 incidents in which surgeons' schedules were available to us involved a surgeon who had been on duty for more than 8 hours at the time of error (16%, more than 24 hours). The correlation we identified between workload and miscommunication raises the possibility that heavy workloads may actually produce miscommunication in the generation of errors. We must also con- Inexperience 53% of all incidents (n = 75) Proportion involving a trainee 55% (n = 41) Proportion involving a 45% (n = 34) nontrainee Communication breakdown 43% of all incidents (n = 62) Handoff or change in 66% (n = 41) personnel cited as contributing to error Lack of clear clinician in charge 15% (n = 9) cited as contributing to error Conflict over decision-making 15%(n = 9) cited as contributing to error Other failure of communication 37% (n = 23) cited as contributing to error sider, however, the reverse effect. Strategies that are now being introduced to reduce workload and fatigue commonly involve increasing the number of personnel providing care, which in turn increases the number of handoffs. Unless measures minimize errors from handoffs, the net result could be a paradoxical increase in adverse events. 35 Several cautions in interpreting our results are warranted. First, it is unclear how representative the incidents reported by interviewees are of all the incidents that occur. Incident reporting is voluntary, and comes from the perspective of only one participant. Although 6 months of M&M cases were reviewed and discussed, many relevant incidents are not reported to M&M conferences. Inevitably, only a subset of complications resulting from error are identified. Errors resulting in visceral injuries, for example, appeared to be more readily recalled in older cases, and errors of omission appear to be less easily remembered or recognized than errors of commission. Of note, the characteristics of the incidents identified in our study were similar in several important respects to those identified through chart reviews of 15,000 hospital admissions in a previous study of preventable surgical adverse events. 3 In both studies, visceral injury, bleeding, and wound complications were the three most common types of injuries reported (accounting for 62% of injuries in the present study and 50% in the previous study). Also, the setting for the majority of incidents in both studies was the operating room (60% versus 66%). The broad similarity between the types of incidents that we identified and those incidents found using different methods suggests that the incidents reported here are reasonably similar, at least in general typology, to those detected in other, larger scale epidemiologic investigations.
A second concern is that incident reports cannot be expected to gather perfectly accurate information about events, depending as they do on a clinician's recall. Medicine has no universal flight data recorder as yet. Interviews did allow us to gather finer, more intimate detail about the causes of events than other methods of error analysis have to date, but memory for events is known to be fallible, and we did find inconsistencies between reports on newer versus older events. 39 People appear to be particularly prone to underestimating the influence of factors such as fatigue and interruptions. Third, because we did not have multiple interviewers, the possibility of bias in data gathering must also be considered.
Finally, findings from three teaching hospitals may not be generalizable to other hospitals, particularly nonteaching ones. Previous studies have found that nonteaching hospitals do not have significantly different rates of preventable adverse events. 40 However, the causative nature of events can undoubtedly vary by setting.
Nonetheless, incident reports appear to be a useful and important source of information regarding the nature of surgical errors, and interviews appear to be an efficient, effective way of eliciting these reports. Previous analyses of incident reports gathered through formal, confidential interview methods like those we used have proved remarkably valuable in other fields, both inside and outside of medicine. Most prominently, Cooper et al's 1978 interview study of anesthesia mishaps identified several leading causal factors, including poor anesthesia equipment design, inadequate monitoring, and handoffs. 25 This work provoked a series of targeted interventions that greatly reduced mortality from general anesthesia. 41, 42 Use of these methods to examine other aspects of surgical care could well achieve similar results. Critical elements in the success of interviews are their confidentiality, the limited time commitment required for interviewees, their interactive nature, and a belief that participating will result in information that is both valuable and nonpunitive. Interviews need not be the only effective method of gathering useful incident reports. Reporting that relies on Internet technology, e-mail, or other interactive, structured forms of information gathering may be able to reproduce our success on a larger scale. Based on our experiences, however, we believe that making such reporting mandatory would likely undermine the level of candor and detail about the nature of errors that clinicians provide.
Chart review studies have found that 50% to 67% of surgical adverse events are preventable. Similarly, in this study, surgeons acknowledged that more than one third of their M&M cases resulted from error. Research and innovation on error reduction must be a central component of efforts to improve surgical outcomes. Carefully elicited, voluntary incident reports were found to be a simple, unique, and rich source of specific information about how errors occur and how to reduce them.
